The Internet culture is creating a new scientific communication system with new facilities that are competing with, and might replace, the present printed information sources. The use and non-use of these facilities by Nigerian academic scientists were investigated, using data collected from a survey of academic staff of selected disciplines in 10 universities. It was found that the scientists are still heavily dependent on printed information sources, especially journals, indexes and abstracts. The study reveals that 64.4% of them have a computer at their disposal, while 50.4% have access to, and are using, the Internet. Besides e-mail, very little use is made of other Internet facilities. Non-use of the Internet is attributable to problems of accessibility, ease of use and cost. Most of the non-users are aware of the information and communication potential of the Internet in their disciplines, and believe that the Internet will become indispensable in their research in the future.
Introduction
The most crucial need in scientific enterprise has always been the communication of information. A typical Garvey-Griffith research programme [1, 2] or a publication cycle according to Ehikhamenor [3] consists of information-intensive activities, which include identification of a problem, background study and literature review, choosing research methodology, data collection, data analysis, production of a report and dissemination of research findings, especially through publication in a learned journal. There follows a period of filtration and eventual assimilation of the findings into the existing corpus of knowledge. The publication cycle model of scholarly communication in science has evolved slowly over a number of centuries. An essential vehicle of formal communication is the refereed journal. It is the source of formal information needed for research as well as the medium of disseminating the findings of research. Most stages of the publication cycle also involve informal communication. An elaborate network of colleagues in the research front, called an 'invisible college', and of institutions, including professional societies, scientific meetings, book publishers, libraries and document supply organizations, supports and maintains the communication system.
From the second half of the twentieth century, the system of communication began to undergo a dramatic transformation at a rate that could never have been imagined. At the core of this transformation are computer-based communication networks, particularly the Internet, which resulted in the creation of various services including online bibliographic and full-text databases, World Wide Web resources and electronic journals. According to Rogers, the fact that the development of this interconnected system of computer networks occurred within the realm of academic research was not incidental. The dynamics of the world of scientific research were intimately related to the shaping of the network and to the way in which it spread to other sectors of society [4] .
The early stages of the diffusion of these networks were reviewed by Kovacs and Kovacs [5] . They found a number of early publications concerned with e-mail communications between scholars. The literature showed a perceivable increase in the use of e-mail as a replacement for more traditional methods of communication [5, 6] . Schaefermeyer and Sewell [6] found that the scholars surveyed were using e-mail communications to replace telephone, postal mail and face-to-face communications related to their research as well as for social communication. Kovacs and Kovacs [5] found increased scholarly usage of electronic conferencing for the purpose of collaboration and information sharing. Mosier reported that Los Alamos National Laboratory's Research Library had developed a web page to allow laboratory staff, as well as individuals from around the world, to access information through the Internet. While most web pages at the time offered information solely on the organization, the Los Alamos National Laboratory page provided links to reference materials in different scientific and technical subject areas, electronic publications and directories, as well as pointers to lists elsewhere on the Web that covered each subject [7] . In 1995, Tillotson et al. investigated the use of the Internet to determine, among other things, the users of the Internet, as well as what information resources on the Internet they were using and for what purposes [8] .
Rolinson et al. [9] studied the use of information technology by biological researchers.
A number of studies on the patterns of use of the Internet by scientists [10] [11] [12] [13] [14] have been published in recent years. The factors that influence the use of the Internet have also been investigated and reported [15, 16] . Borgman [17] noted that 'the circumstances of scholarly communication were changing as a result of advances in telecommunications, the advent of computer networks and the World Wide Web, the availability of digital libraries and the transition from print to electronic publishing'. Other studies have addressed the implications of these technologies for practices and institutions related to scholarly communication [18] [19] [20] [21] .
In terms of conceptual framework, the publication cycle or Garvey-Griffith communication model has not yet been superseded. The journal is still the formal source of primary research information as well as the output medium for research findings, but the submission and refereeing process has become electronic. Besides, there is progressive migration from printed journals to electronic journals. A number of studies have been carried out on the use and impact of electronic journals [22, 16] . According to Kling and McKim, electronic publishing opportunities, manifested today in a variety of electronic journals and web-based compendia, have also destabilized norms regarding the character of legitimate scholarly publishing in some fields. Self-publication on the Web through posting a document on a personal home page introduces a new set of characteristics such as lack of active stewardship, and dispensing with further announcement. With self-publication on the Web, the amount of publicity is limited. Without peer-review, trustworthiness depends on the author's reputation. Accessibility may also be limited, but could grow if the publication reports a major breakthrough [12] .
Some of the institutions that constituted major elements of the traditional information systems, including publishing houses and libraries, are also being transformed to fit the electronic-based system for their survival. Wiley noted in 1996 that new information had blurred the role of the traditional database producers. They were responding in different ways, including developing a web access to databases and joining membership clubs to provide Internet services. Providers of document delivery services are creating web databases, while CD-ROM and online database vendors are providing Internet access. New databases are being produced on the Web [23] . Peek et al. [24] examined the entry of major academic publishing houses into web publishing. Their study revealed that, during 1997, traditional academic publishers made significant commitments to putting tables of content, abstracts and the full-text of their print journals on the Web. By April 1998, Springer had at least half of its 400 journals published simultaneously in electronic and print format [24] . Subsequently, 12 leading scientific and scholarly publishers embarked on a collaborative, innovative and market-driven reference-linking initiative that would change the way scientists use the Internet to conduct online research. With this service, researchers are able to move easily from a reference in a journal article to the content of a cited journal article, typically located on a different server and published by a different publisher. There is considerable enhancement of the efficiency of browsing and reading the primary scientific and scholarly literature [25] .
The scientific community has to adjust to this transformation. Hurd observes [26] that the value system, reward structures and day-to-day work habits of scientists will influence their willingness to explore new developments and, ultimately, incorporate them into their behaviour. She points out that, while value systems and reward structures can change, they are deeply 'imbedded' in the organizational cultures of individual disciplines, professional associations, universities and more. She notes further that organizational change tends to occur more slowly than technological change, and innovations that seem to be visionary may be dismissed by those who were expected to embrace them. The studies on the use of the Internet by scientists thus far indicate that scientists are likely to be one of the major user communities.
This study
The scientists in Nigeria need to be involved in intensive information communication, and they have to use the same kinds of information resources used by their counterparts in other parts of the world. The bulk of the information resources they need are located in the Western world. A previous study by this author demonstrated some constraints in accessing information and a number of innovative strategies in dealing with such constraints [27] . Now, with new possibilities provided by the Internet, it would be interesting to determine how the Nigerian scientists are using them. Their use of the available facilities would also suggest their preparation for even more profound transformation of the scientific information and communication system.
For this study, the academic staff of selected disciplines in the physical and biological sciences, drawn from the 10 universities that have most of the appropriate disciplines out of the 12 universities in the southwestern part of Nigeria, were surveyed between July and August 2001, using a self-administered questionnaire. The questionnaire was constructed to generate data on personal and institutional background, use of the Internet resources, evaluation of Internet resources, as well as data on non-Internet users. Field assistants physically delivered the questionnaire to all the academic staff (from assistant lecturers to professors and equivalents) in the selected disciplines, and made repeated visits to retrieve the completed copies. Of the 467 copies distributed, 371 appropriately completed copies (79%) were recovered.
The respondents comprised 321 males and 50 females. The distribution by university, discipline, age and official status is shown in Tables 1-4. The number of respondents from each university depended on whether or not the university had all the departments of interest, the size of each department, as well as the Even though this study was restricted to the southwestern part of Nigeria, there are some considerations that will allow cautious generalization to other parts of Nigeria. All 38 universities in Nigeria (excluding the new private universities) can be categorized into first, second, third and possibly fourth generation; into federal and state; and by location in terms of cosmopolitan, urban and semi-urban setting. In the northern, south-western, and south-eastern parts of the country there is a fairly good representation of universities belonging to each of these categories. To a large extent, universities of the same category tend to have a number of similar characteristics, especially in terms of size of faculty, infrastructure, funding, proximity to Internet Services Providers, and so forth. It may be assumed that a similar study in another geographical part of the country will yield results that are not remarkably different.
As an independent variable, the university itself has a strong influence on the data. The location and disposition of the university to information technology invariably have important implications for the accessibility of Internet facilities. However, no attempt was made to analyse data by university since a comparative assessment of the universities in terms of provision or support for Internet services was not intended. At any rate it would be assumed that in each university all the scientists, irrespective of age, status and discipline, are equally affected by the influence of university as a background factor. In that case, we should still expect these other factors to manifest their own effects. In this study the effect of age follows closely that of status or rank of the scientists. This is understandable since the older the scientist is, the higher his rank tends to be. So, for the rest of this report, not much will be said about status as a variable. Furthermore, with so few female scientists in the population, it was not found to be meaningful to take up gender issues in the study.
Results
We sought to find out the conventional strategies used by the respondents for obtaining current information for research. The responses are presented in Table 5 . The three most important strategies are personal journal subscription, consulting journals in the library and consulting indexes and abstracts in the library.
This study reveals that 64.4% of the respondents had a computer at their disposal. Fourteen respondents indicated that their computer was part of a campus network, 15 specified that theirs was part of a faculty network, while 20 indicated that theirs was part of a departmental network. Of the 371 respondents, 187 (50.4%) had access to the Internet. The ways in which they had access are presented in Table 6 . Most of them used mainly private Internet outfits, which are mostly commercial. A few had their personal computers at home and maintained an account with Internet Service Providers, and thus were able to access the Internet at home. Obviously, universities, which should be ahead of other organizations in providing Internet services to scientists, are hardly providing such services. The respondents were asked to specify how they learnt to use the Internet. According to their responses in Table 7 , they learnt mostly through a course given in their universities, either by the computing centre or the library. They also learnt through self-instruction and assistance from colleagues. In an earlier study of library users, it was found that 71% of the Internet users had learned through self-instruction, 21% from friends, while 20% had formal Internet instruction [28] . Bruce also observed that the knowledge required to search the Internet was usually not acquired by attending a formal training course or courses, but rather through selfinstruction with significant assistance from friends or colleagues [29] . In the study by Voorbij, 88.4% of the respondents learnt to use the Internet through selfinstruction and trial and error, while 41.9% received assistance from colleagues [11] .
Most (82.0%) had used the Internet for over one year. In fact, 43.7% had used the Internet for over two years. A greater proportion of the Senior Lecturers (68.4%) than scientists of other ranks had used the Internet for over two years. Conversely, a greater proportion of the younger lecturers than any other age groups had started using the Internet more recently. Further details are shown in Table 8 . The chi-square test shows that how long the scientists had been using the Internet has some relationship to age (p<0.05). In a study published in 1996, it was reported that 46% of the Internet users had become users within the previous six months and 29% had more than 12 months of Internet use [28] . It is difficult to compare the results of that study and this one because of a considerable difference in time.
Cross-tabulation by discipline yields the results in Table 9 . Although most of the botanists had used the Internet for over two years, the chi-square test does not show a significant relationship with discipline.
While 40.1% of the respondents spent between one and two hours a week on the Internet, 22 In another study, it was reported that only 7.3% of the researchers spent over four hours a week on the Internet [11] . Tables 10 and 11 show the distribution of hours on the Internet according to age and discipline, respectively. Statistical tests do not indicate that age or discipline was a factor in the amount of time spent. Most of the Internet users (85.5%) personally bore the cost of the services they use, and the cost is very heavy for many of them. Besides the intensity of use, the location of the scientists is an important factor in the cost burden. Most of them had to make longdistance telephone calls to an Internet Service Provider in order to get a connection to the Internet services. Not all of the users actually stayed at the computer themselves to use the Internet. In fact, only 62.0% of them reported doing so. Others depended on the assistance of other people. The access mode generally used was the WWW graphical browser (69.0%). Very few people used the WWW non-graphical browser, Gopher, Telnet, FTP or others. The Internet facilities normally used and the frequency of use are presented in Table 12 .
The facilities that attracted the greatest amount of patronage were e-mail, catalogues and databases, electronic journals, WWW resources and free software. In a previous study, the Internet was mostly used for electronic mail, then for moving data from one computer to another and, lastly, for logging into a computer that was running elsewhere [30] . In a later study by Voorbij, e-mail was also found to attract the greatest use and at least 83% of the respondents made use of it [11] . This study shows that among the Nigerian scientists there was a larger proportion of individuals who had never used the other Internet facilities than the proportion recorded by Voorbij.
In this study, the most intense users of e-mail were the botanists. While 75.0% of the botanists used e-mail, 57.9 and 52.4% of the physicists and the statisticians, respectively, reported doing so. Very few of the scientists used discussion lists and groups. The most frequent users of WAIS were the statisticians, chemists, computer scientists and microbiologists in that order. External bibliographic databases were used more by the chemists, statisticians, zoologists and microbiologists. The greatest users of electronic journals were the botanists and chemists. Most of them reported accessing electronic journals at least once a month, and in many cases at least once a week. Ninety respondents reported consulting, on a regular basis, one or two electronic journals, 44 between three and four journals, and 23 at least five. Nearly all the respondents in chemistry reported downloading software at least once a month. Most of them belong to the age bracket of 41-50 years. Table 13 shows the web sites and databases used. According to the number of respondents using each of them, Uncover (US), American Chemical Society, Wiley InterScience, Elsevier and Ingenta (UK) attracted more use than all other web sites and databases. Generally, the use of the web sites and databases cut across all the disciplines considered. However, the American Chemical Society was used more by chemists, physicists, mathematicians, zoologists and botanists, while Ingenta was more popular with mathematicians and botanists. A request to indicate the search engines used and the frequency of use yielded the data in Table 14 . In this study, Yahoo was by far the most popular search engine. The others that attracted considerable use were Ftp-Archives, WWW Virtual Library, Savvy and Magellan. Infoseek, Excite, WWW Worm and Web Crawler were sometimes used. Schwartz identified two basic types of search engines, namely classified lists, of which Yahoo was the best-known example, and querybased engines (for example, Alta Vista, HotBot, Excite, etc.), which were far more common [31] . Among the Dutch academic users, Alta Vista was far more popular. Yahoo, Lycos and Infoseek followed in that order [11] .
Non-Internet users
A total of 49.6% of the 371 respondents had never used the Internet. Very few of them indicated the reasons why they had not been using it. Among them, some believed that they could do without the Internet. Others, especially the scientists who were 30 years or younger, said that they found it difficult to search for information on the Internet. There was also the problem of insufficient knowledge about what is available on the Internet. This again was more pronounced among the scientists who were 30 years or younger. It would seem that the major problem was that most of them had no access to the Internet. Another problem could be that Internet services are out of the reach of many of the scientists in Nigeria. The Internet facilities are still for the adventurous, who are prepared to spend a substantial part of their wages and take pains to go to wherever they can have access to the Internet. As many as 54.4% also thought that the Internet has some inherent risks.
Nevertheless, 71.5% were aware of what the Internet has to offer in their discipline. In fact, 84.3% believed that the Internet will become indispensable in their research in the future. Almost all of them would like to use the Internet in future; and to that end, most of them (85.3%) were willing to take an Internet course if one were available. 
Discussion

Background factors
Among the background factors that influenced the data in this study, the university in which a scientist works may have had the greatest effect. It has been demonstrated that the environment in which scientists work sometimes has even more impact than their discipline. Researchers are dependent on the facilities made available to them, as well as on local working habits [21] . Abels et al. discussed in detail a number of factors that could be part of an institutional setting [15] . Some of them will be addressed later. The influence of the university arises from a host of attributes that are associated with each university. The location of the university is important. The institutions located in big urban and commercial centres have the advantage of better information infrastructures, including Internet services. The attitudes of the scientists in each university depend partly on its proximity to the major commercial centres and the cost of Internet access. It is particularly interesting to note that, in spite of all odds, some of the scientists are spending a considerable proportion of their wages in using the Internet. Pullinger noted that the extent to which the use of electronic journals becomes part of normal research practice depends not only on the discipline concerned but also on the role and status of the researcher, on the resources that are available locally, on awareness of the existence of these resources, and on specific information needs [16] . Age and official rank (or status) are closely related in their influence on the data of this study. The younger scientists are usually of junior ranks. Those between 41 and 50 are mostly of intermediate ranks, such as Lecturer I and Senior Lecturer. Usually the scientists of these ranks are intensely engaged in research to develop their career and move upward to higher ranks. They have a general tendency to explore new opportunities, such as are provided by information technology. Those of the rank of Reader, who belong mostly to the age group of 51 and above, exhibit similar information-seeking behaviour. E-mail, in particular, was very important to the scientists between the ages of 41 and 50 years. This facility serves the purpose of maintaining contact with other scientists for the exchange of information. A previous study found that, while age did not seem to be a factor in whether or not researchers adopted electronic journals, the reverse was true of their status. It was observed that, the higher a researcher's status, the easier it was for the researcher to access the information and resources needed for his or her work [21] . Lazinger et al. in their review of studies published since 1992, including nine studies on academic Internet users, pointed out that one of the findings of those studies was that there was a negative correlation between age and e-mail use [32] .
Discipline also appears to be an important factor in the use of the Internet facilities. For instance, Walsh and Bayma observed considerable differences in the use of e-mail across disciplines and suggested that one explanation is that scientific work is organized differently in different fields [33] . According to Kling and McKim, different scientific fields have developed, and use, distinctly different communicative forums, both in the paper and electronic arenas, and these forums play different communicative roles within the field. They pointed out that one of the notable features of the development of electronic media in science is that they seem to vary in their structure, roles and uses from one field to another [34] . Covi found that the choice of any specific facility depended on whether or not it met the needs of researchers in a particular discipline. For instance, it was discovered that molecular biologists were unwilling to use electronic journals because they did not provide adequate displays of graphics; that sociologists made heavy use of a variety of databases because of their frequent need to learn about work done outside their area of expertise; that literary theorists rarely used discussion lists because of the preponderance of undisciplined, chatty submissions; and that computer scientists were making heavy use of one particular electronic journal because the major print journal in the same subfield had significant time lags in the appearance of articles in an area where currency was critical, and because the new journal was peerreviewed [35] .
In this study, the most frequent users of e-mail were the botanists, followed by the physicists and the statisticians. The most frequent users of WAIS were the scientists in statistics, chemistry, computer science and microbiology, in that order. External bibliographic databases were used more by those in chemistry, statistics, zoology and microbiology. The greatest users of electronic journals were the botanists and the chemists. Among the French scientists, physicists and chemists were the electronic journal enthusiasts, unlike those in other disciplines [21] . In this study, nearly all the respondents in chemistry reported downloading software at least once a month. Furthermore, the American Chemical Society's database was used more by the chemists, physicists, mathematicians, zoologists and botanists, while Ingenta was more popular with mathematicians and botanists. Obviously, the established fact of differences along the line of discipline is well demonstrated in this study. However, the pattern reported for specific disciplines is not exactly replicated.
The refereed journal
The refereed journal is the most important formal source of information for research. The Nigerian scientists depended almost entirely on the printed version. They obtained issues either through personal subscription or from libraries. The number of them presently using electronic journals was quite small. In a 1996 survey of Internet use by 640 scientists, it was found that approximately 25% of the scientists were already accessing electronic journals and contents services. In fact, 97% of them indicated that they would like all their work-related information to be delivered by the Internet [36] . Some other studies have sounded less optimistic. In his study Harter addressed the question: to what extent are scholars and researchers aware of, influenced by, using or building their own work on research published in electronic journals? A sample of scholarly, peer-reviewed electronic journals was drawn up and techniques of citation analysis were used to conduct several analyses. The data showed, with a few possible exceptions, that the impact of electronic journals on scholarly communication had been minimal [22] . An electronic public library project which was intended eventually to house or link all biomedical research produced in the USA and give medical professionals and the general public absolutely free access to the entire repository of information was opposed by leading figures in academic medicine on the grounds that it threatened to disrupt the established methods of evaluating research for publication [37] .
Thus far, it may seem that the journal in its present form will resist extinction, especially considering the attachment of scientists to the present meticulous refereeing process as well as the ease of reading material in the printed form. Perhaps they will continue for a long time to insist on the present familiar formats of journal articles as the primary resources for recent research. For less recent information, they will value the citations at the end of the articles. While the information from the study suggests the ultimate demise of the printed bibliographic reference tool, it underscores the continued importance to scientists of the printed peer-reviewed journal article [38] . Furthermore, Voorbij notes that the Internet may have found a place for itself, but it has not pushed aside the traditional printed and other information resources [11] .
These findings and the presumed conservatism of scientists should not constitute for the Nigerian scientists a cause for complacency. Whether they like it or not, they will have to adapt to the changing nature and format of the refereed journal. As a matter of fact, there is increasing doubt about the survival of the present nature and format of the journal. Certainly the printed format has its own drawbacks. The present peer-review system can be unsatisfactorily slow. It can be abused by powerful or unscrupulous scientists, and has a history of remarkable failures. The Internet, by forcing paper publishers to go electronic, is bound to speed up the process of peer review [39] . The road to totally electronic journals was already marked out when the Internet became a facilitating channel for the peerreview system. The shift towards completely electronic journals may be slow but it is progressing and a growing number of scientists in physical science disciplines, notably physics, chemistry and astronomy, are at the vanguard of the adoption [21, 40] . With increasing understanding that electronic journals will not suffer from quality control, which is guaranteed by the printed journal, it is likely that more and more scientists will not only be favourably disposed to the electronic format, but will play a major role in its future development.
Readiness for the future
A crucial question before us is whether or not the Nigerian scientists are prepared for the completely new system of scientific communication of the future. The nature of that new system is already becoming clear. In a paper entitled 'The Internet Culture: Transitions and Problems', Weiner noted that the Internet had spawned a new culture with ideas, mores and modes of communication unique to itself [41] . Now the reality of a paperless information and communication system for the scientific community is no longer a myth. Profound transformation of the scientific information and communication system has begun and all the segments of the systems, including the publishing houses, library and information centres, as well as the scientists, are being affected. A general decrease in the use of books has been observed. Half of the decrease in book use has been attributed to the Internet [42] . More and more publishers are offering or providing access to online journals and full-text documents. A growing number of journals are being published either simultaneously in electronic and print format or only in electronic format [24] . There are all kinds of interests, including utilitarian and philosophical, that will continue to add momentum to the transformation of the information and communication system. According to Hurd, data depositories that are open to all with network connections may contribute to the development of science in locations that were formally marginalized. There is even the expectation that the Internet will democratize the whole of the scientific enterprise by democratizing access to information [26] .
An important indicator in this study is the proportion of scientists that have access to a computer or to the Internet. One of the findings in this study is that, at the time of the survey, only 50.4% of the scientists had access to and were using the Internet. This is not impressive. This study has also revealed minimal use of most of the Internet facilities other than e-mail. The level of Internet use by these scientists in 2001 is obviously that which was achieved by their counterparts in the industrialized countries some three or four years back. A situation report on the Internet in Latin America in 1996 showed that, although most countries had full-time, high-speed connections to the Internet, the number of individual scientists and engineers who had access was limited due to a variety of technical, institutional, cultural, economic and political problems [43] . The situation in Nigeria in 2001 is no better than that of Latin America in 1996. Therefore, unless there is tremendous acceleration in the rate of adjusting to the Internet technology, the scientists may not be wellequipped psychologically and technically to be integrated into the future global scientific community.
Constraints
There are a number of constraints to that acceleration of adjustment. It was observed earlier that only 64.4% of the respondents had access to a computer. Since 86% of those that had no access to a computer were nonInternet users, it would mean that having no access to a computer was part of the problem. In a study of the use of electronic networks, it was found that, while nearly 69% of users considered their primary workstations to be very accessible, only 9% of non-users did [15] . The importance of accessibility in determining the use of an information source has been demonstrated in a number of other studies [15, 44, 45] . In other words, perceived accessibility has some impact on the adoption and use of a technology. One of the key problems with the use of the web as a medium of information dissemination in the developing countries is actually accessibility. With only 64.4% of Nigerian scientists having access to a computer and 50.4% having access to the Internet, the level of accessibility could be regarded as rather low.
Proximity and physical distance to a source of information have also been found to influence use. The probability of use of a source of information was found to decline as distance increased [46, 47] . Besides the problem of accessibility, the Nigerian scientists have to contend with the problems of proximity and available computer time. It could be a very frustrating experience sharing a machine with a number of persons or relying on a machine to which one does not always have physical access.
The scientists also pointed to the problem of ease of use. This problem could discourage them from even trying to learn something about the Internet. It takes a lot of patience and determination to keep on trying unsuccessfully to make a dial-up connection with a telecommunication system that is performing below expectations. Even with a successful connection, disruption often occurs while navigation is in progress. Consider the problem of getting stranded in a labyrinth of imperfect links, poor interfaces and screens of irrelevant information. If information is difficult or time-consuming to get, then it is not really accessible. Rosenberg has discussed the relationship between ease of use and accessibility of information sources. Ease of use is a dimension of accessibility and any source of information that is difficult to use cannot be said to be accessible [48] . The problems of insufficient knowledge about what is available on the Internet as well as the belief that the Internet has some inherent risks, as expressed by a few of the Nigerian scientists, are two of the possible outcomes of the difficulty of use. According to Harris there is a need for a simpler user interface to encourage use of a conferencing and electronic mail system [49] . Nicholas and Fenton advocated creating information tools and strategies to help users sift through, and evaluate, the volume of information they can now access directly, including developing procedures for identifying unreliable and redundant information content [50] . Considering the problem of accessibility as a constraint on the use of the Web in developing countries as a medium of information dissemination, electronic publishers have been advised to design user-friendly web pages suited to the needs of developing countries. Clearly, one key issue relates to page size. The larger the page, the longer it takes to load [51] .
Another problem that could restrict the use of the Internet, although not altogether prevent its adoption, is that of cost. For an individual, the financial commitment to regular surfing could amount to a large proportion of their wages in a country where the wage level is low in comparison to the telecommunications costs and connect charges of the Internet Services Providers. Kenny computed the financial burden to a user in Africa who has to make a regional call to access the Internet and puts the total costs of yearly access at US$4297, with the telephone bill amounting to over 72% of that sum [52] . King estimated the various costs of using network services and observed that an organization's Internet access cost per user was, in fact, only a small proportion of the total resources applied to use the networks [53] . Scientists in Latin America have also had an unpleasant experience in coping with the financial burden of using the Internet. Some institutions and individuals were unable to cover the cost of Internet services. Although much of the information available over the Internet is free, some scientific and technical journals charge for access and downloading [43] .
These constraints notwithstanding, the fact that personal interest and individual drive could very well determine whether a scientist is an Internet user or not should not be lost sight of. The problems of accessibility and proximity are surmountable for those who have the interest and drive. The Nigerian scientists do not have the same good fortune of having all necessary research facilities at their disposal. They have always had to survive in their career by their own wits, resourcefulness and ability to cope with, and surmount, the problems of non-existent or inadequate facilities. A small proportion of them are actually making headway as Internet enthusiasts. How much influence these can have on others is difficult to estimate, but it might be substantial. It is interesting to note that as many as 71.5% of the non-users are aware of what the Internet has to offer in their discipline, and that as many as 84.3% of them believe that the Internet will be indispensable in their research in the future. In fact, almost all of them would like to use the Internet in future.
Ultimately the solution to the problems of access to information being experienced by Third World scientists lies with their national governments. The prescription for better teledensity and cheaper Internet access has been handed down to the developing countries for over two decades. It is said to be liberalization or deregulation. The national governments also have the responsibility to fund their higher institutions and provide adequate facilities. Unfortunately, they do not seem to demonstrate a serious commitment to providing the required level of funding. Nigeria has embarked on the liberalization of telecommunications, but it is too early to notice any gains. On the other hand, pressure from the academic community has not yet moved the federal government to begin to place the universities on a sound financial footing.
It may be reasonable to expect some welcome developments from the current concerns about making the information market truly free and democratic, including free access, systems that are easy to learn and use, and downloadable, copyable and printable files [54] . After all, the economic role of the communications infrastructure is to facilitate communication and add value to the information communicated through rapid transmission, enhanced accessibility, greater availability, ease of access, low cost and other such favourable attributes. Meanwhile, the developing countries may be able to make a successful case for a new flexibility in the pricing of electronic information resources.
Conclusion
This study has demonstrated low use of the Internet facilities by Nigerian academic scientists. The issue of ignorance of the potential of the Internet for research information is out of the question. Most of those who are not using the Internet are aware of what the Internet has to offer in their discipline. In fact, 84.3% of them believed that the Internet will become indispensable in their research in the future. Almost all of them would actually like to use the Internet in future. Among the users are a number of enthusiasts who spend over six hours a week on the Internet. They occur in every discipline and their future role in the development of an Internet culture among the scientists might turn out to be significant.
With the results from this study, it can be concluded that the Nigerian scientists are not being adequately equipped to function in the scientific communication system of the future. Yet they have to be involved in intensive information communication both now and in future, and they have to use the same kind of information resources as their counterparts in other parts of the world, especially as the bulk of the information resources they need are located in the Western world. For now they may rely on printed information sources through personal journal subscription, and consulting journals, indexes and abstracts in the library, but they must rise to the challenge of the current transformation of the scientific communication systems they have known, which is progressing at a speed they cannot easily grasp. The Internet culture, in particular, will continue to evolve, mutate and change as technology and society evolve. We may not get away very soon from the anarchistic nature of Internet culture, nor are we about to resolve such constraints as navigational difficulties and the problems of poor quality of materials on the Internet as well as its commercialization [41] . Nevertheless, the process of improvement of technology and adjustment in the scientific information communication system will continue.
The constraints on the use of the Internet, including institutional tardiness, accessibility, ease of use and cost, are quite serious. However, it is expected that more and more of the scientists will be galvanized to seek innovative strategies to cope with these constraints. It is a matter of survival. Furthermore, it is hoped that the federal government of Nigeria will rise up to its responsibilities of providing adequate funds to the universities to develop their teaching and research facilities, including electronic networks for information access.
